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QuanGty	
  of	
  runoff	
  is	
  	
  
changing	
  as	
  well	
  

SpaGal	
  extent	
  of	
  glacier	
  	
  
ecosystems	
  is	
  changing	
  



•  Biogeochemically	
  
diverse	
  

•  Diverse	
  and	
  
acGve	
  micro-­‐
organisms	
  

•  Supraglacial	
  and	
  
subglacial	
  
habitats	
  

•  Biological	
  control	
  
on	
  elemental	
  
cycling	
  

Anesio	
  et	
  al.,	
  2012,	
  Trends	
  in	
  Ecol.	
  Evol.	
  



Atm.	
  DeposiGon	
  

Glacier	
  Ecosystems	
  

Subglacial	
  OM,	
  weathering,	
  microbial	
  processes	
  

Primary	
  and	
  heterotrophic	
  
producGon	
  

Hillslope	
  OM	
  
&	
  nutrients	
  



Supraglacial	
  
biogeochemistry	
  

•  Atmospheric	
  
deposiGon	
  of	
  	
  
organic	
  maSer,	
  
nutrients	
  and	
  
contaminants	
  

•  Microbial	
  habitats	
  
in	
  cryoconite	
  holes,	
  
deposits,	
  and	
  
streams	
  



SGbal	
  et	
  al.,	
  2012,	
  Nature	
  Geoscience	
  



Subglacial	
  
biogeochemistry	
  

•  Abundant	
  microbial	
  
communiGes	
  at	
  the	
  
Gll/ice	
  interface	
  

•  Inputs	
  from	
  
supraglacial	
  
environments	
  

•  Processing	
  of	
  organic	
  
material	
  and	
  nutrients	
  
before	
  export	
  to	
  rivers	
  

Skidmore	
  et	
  al.,	
  2000,	
  App.	
  Env.	
  Microbiol.	
  



Hodson	
  et	
  al.,	
  2008,	
  Ecol.	
  Monographs	
  



Hodson	
  et	
  al.,	
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  Ecol.	
  Monographs	
  



Glacier	
  Runoff	
  





What	
  do	
  we	
  know?	
  



Anesio	
  et	
  al.,	
  2009,	
  Global	
  Change	
  Biology	
  

Most	
  lakes	
  and	
  rivers	
  are	
  generally	
  
considered	
  as	
  heterotrophic	
  
systems,	
  but	
  our	
  results	
  suggest	
  that	
  
glaciers,	
  which	
  contain	
  75%	
  of	
  the	
  
freshwater	
  of	
  the	
  planet,	
  are	
  largely	
  
autotrophic	
  systems.	
  

On	
  a	
  global	
  basis	
  cryoconite	
  holes	
  
have	
  the	
  potenGal	
  to	
  fix	
  as	
  much	
  as	
  
64	
  Gg	
  of	
  carbon	
  per	
  year.	
  

Ecosystem	
  Structure	
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Things	
  to	
  add:	
  
	
  
SGbal	
  figure	
  
Milner	
  figures	
  
Hodson	
  Glacier	
  ecosystem	
  figures	
  

Jacobsen	
  et	
  al.,	
  2012,	
  Nature	
  Climate	
  Change	
  

Riverine	
  Biodiversity	
  



Nutrient	
  Export	
  in	
  Rivers	
  

Hood	
  and	
  Sco),	
  2008	
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R2=0.84	
  
P<0.001	
  

R2=0.41	
  
P<0.001	
  

Glacier	
  runoff	
  strongly	
  influences	
  the	
  	
  
chemistry	
  of	
  downstream	
  rivers	
  

Fellman	
  et	
  al.,	
  unpublished	
  

Riverine	
  Organic	
  MaSer	
  



Carbon	
  Age	
  and	
  Bioavailability	
  

Hood	
  et	
  al.,	
  2009,	
  Nature	
  

Modern	
  

Ancient	
  



Singer	
  et	
  al.,	
  2012,	
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  Geoscience	
  

Riverine	
  Carbon	
  Subsidy	
  



Glacier-­‐derived	
  Organic	
  MaSer	
  

Raymond	
  et	
  al.,	
  unpublished	
  



Anthropogenic	
  Influence?	
  

Stubbins	
  et	
  al.,	
  2012,	
  Nature	
  Geoscience	
  



Glacier	
  Organic	
  C	
  fluxes	
  

DOC	
  export	
  =	
  12-­‐18	
  kg	
  C/ha/yr	
  
	
  	
  

DOC	
  export	
  =	
  22-­‐86	
  kg	
  C/ha/yr	
  
	
  (Laudon	
  et	
  al.,	
  2004;	
  	
  
	
  Kortelainen	
  et	
  al.,	
  1997)	
  

Boreal	
  Forests	
  

Glacier	
  Runoff	
  



Glaciers	
  as	
  a	
  Marine	
  Fe	
  Source	
  

Glacier	
  River	
  Plumes	
  

Glacial	
  Flour	
  
Dust	
  Storms	
  

Resuspended	
  Glacial	
  Flour	
  



Coastal	
  Mixing	
  of	
  	
  Riverine	
  Fe	
  and	
  Marine	
  Nitrate	
  

Ample	
  nutrients	
  drive	
  producGvity	
  and	
  fisheries	
  



Fe	
  Solubility	
  by	
  River	
  Type	
  

Periglacial	
  

Glacierized 

Boreal  
Forested 

Schroth	
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  2012,	
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Glaciers	
  as	
  a	
  Contaminant	
  Source	
  



1970s	
  

1960s	
  

Dynamics	
  of	
  Contaminant	
  Release	
  

Bogdal	
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  al.,	
  2009,	
  ES&T	
   Bogdal	
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  2010,	
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Atmospheric	
  models	
  show	
  Hg	
  transport	
  to	
  
Alaska	
  

Average elemental mercury surface concentrations for July 2001 (ng/m3)  
 

GRAHM (Global/Regional Atmospheric Heavy Metals Model) simulation – 
Ashu Dastoor, Meteorological Service of Canada,Environment Canada 

ng/m3	
  

July,	
  2001	
  



Glacial	
  Monomethyl	
  Hg	
  export	
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Runoff	
  from	
  glaciers	
  is	
  unique	
  
amongst	
  terrestrial	
  ecosystems:	
  
	
  

	
  -­‐	
  bioavailable	
  organic	
  maHer	
  
	
  -­‐	
  nutrients	
  (P)	
  
	
  -­‐	
  micronutrients	
  (Fe)	
  
	
  -­‐	
  contaminants	
  (Hg)	
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Future	
  Impacts	
  



QuesGons?	
  


